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^ THIRD SURVEYOR 


LAUNCH SLATED 
AT /CAPE ^jKENNEDY ^ 


Surveyor C, the third United States spacecraft designed 
to soft land on the Moon, is being prepared for launch from 
Cape Kennedy, Fla., during the period of April 17 - 21* 


The seven-spacecraft Surveyor series is intended to 
develop the technology of soft-landing on the Moon and to 
provide scientific and engineering data to support the Apollo 
manned landing program. 


Basic information on its lunar landing site that Surveyor 
will return to Earth will be photographs taken by a single 
survey television camera and data provided by other onboard 
instrumentation. 

Surveyor C is identical to earlier spacecraft in the 
series with these exceptions: 

— It will be equipped with a surface sampler instrument 
that can dig into the lunar surface to provide data on lunar 
soil characteristics 


-more - 
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~ The spacecraft will he equipped with two flat mirrors 
to extend the visual range of the television camera under the 
spacecraft 

— The Atlas -Centaur launch vehicle will launch Surveyor 
with a parking orbit instead of a direct ascent trajectory. 

The launch, by Atlas-Centaur 12, will be from Complex 36 at 
Cape Kennedy. 

The parking orbit launch allows the second stage and the 
spacecraft to coast in Earth orbit before burning the Centaur 
stage engines a second time to achieve the required velocity 
for lunar flight. This technique gives greater flexibility 
in choosing the arrival time at the Noon and allows better 
control of lighting conditions on the Moon at the time of 
landing. 

The Surveyor C mission will last about 65 hours from 
lift-off to lunar landing. A large solid propellant retro- 
rocket and three small vernier rocket engines will slow Surveyor 
from a lunar approach speed of about 6,000 miles -per-hour to 
about 10 miles -per -hour for a soft landing. 

On the first day of the launch period, April 17* the 
launch can occur between 1:24 a.m., EST and 4:09 a.m. 


-more- 
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Surveyor C will be aimed for a 37-mile -diameter circle 
in eastern Oceanus Procellarum (Ocean of Storms) at 23° 10* 
West longitude and 3° 20 1 South latitude. The center of the 
target circle is 72 miles southeast of the rim of the crater 
Lsnsberg and some 56 miles northeast of the Riphaeus moun- 
tains. The largest crater near the target circle is Fra 
Mauro B (five miles in diameter) which is ten miles southeast 
of the circle. 

Within the target area, there are several small visible 
craters. One, about a mile in diameter, lies very close to 
the center of the circle. The highest local surface feature 
is a mountain peak 1,575 feet high lying on the northwest 
edge of the circle — about l8| miles from its center. The 
target site has been photographed by Lunar Orbiters X and 
III and is a candidate Apollo landing site. 

At launch. Surveyor C will weigh 2,283 pounds. The 
retromotor, which will be jettisoned after burnout, weighs 
1,444 pounds. After expenditure of liquid propellants and 
attitude control gas, the landed weight of Surveyor on the 
Moon will be about 620 pounds . 

Except for the surface sampler and mirrors. Surveyor C 
will be equipped identically to its earlier sister spacecraft, 
carrying a TV camera and engineering instrumentation. It will 

also obtain data on the radar reflectivity, mechanical pro- 
perties, and thermal conditions of the lunar surface. 


-more- 
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Surveyor I soft-landed on the Moon June 2, 1966, and 
returned 11,150 high quality photographs of the lunar terrain. 
It survived eight months on the lunar surface during which 
time it withstood eight cycles of extreme heat and cold. 
Surveyor II was launched on Sept. 20, 1966, but the mission 
failed when one of the three vernier engines failed to ignite 
during an attempted midcourse maneuver. 

The Surveyor program is directed by NASA's Office of 
Space Science and Applications. Project management is assigned 
to NASA's Jet Propulsion Laboratory operated by the California 
Institute of Technology, Pasadena. Hughes Aircraft Co., 
under contract to JPL, designed and built the Surveyor space- 
craft. NASA's Lewis Research Center, Cleveland, is responsible 
for the Atlas first stage booster and for the second stage 
Centaur, both developed by General Dynamic s/Con vair , San Diego, 
Calif. Launch operations are directed by Kennedy Space 
Center, Fla. 

Tracking and communication with the Surveyor is the 
responsibility of the NASA/JPL Deep Space Network (DSN). 

The stations assigned to the Surveyor program are Pioneer, 
at Goldstone in California's Mojave Desert; Robledo, Spain; 
Ascension Island in the South Atlantic; and Tidbinbilla near 
Canberra, Australia. Data from the stations will be trans- 
mitted to JPL's Space Plight Operations Facility in Pasadena, 
the command center for the mission. 

(END OP GENERAL RELEASE; BACKGROUND INFORMATION FOLLOWS) 
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SURVEYOR BACKGROUND 
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Surveyor I performed the first fully-controlled soft 
landing on the Moon on June 1, 1966, after a 63-hour, 36- 
minute flight from Cape Kennedy. 

Surveyor I landed at a velocity of about 7*5 miles per 
hour at 2.45 degrees south of the lunar equator and 43.21 de- 
grees West Longitude in the southwest portion of Oceanus 
Procellarum (Ocean of Storms). 

During the six weeks fbllowing the perfect, three- 
point landing, the spacecraft's survey television camera took 
11,150 high-resolution pictures of the lunar surface for trans- 
mission to Earth receiving stations. Resolution in some of the 
closeups was one-half millimeter or about one-fiftieth of an 
inch. These pictures showed details of the lunar surface a 
million times finer than the best Earth telescope photos. 

Prom the pictures were derived the representative colors 
of the Moon's surface, anuaccurate view of the terrain up to 
one and one -half miles surrounding the Surveyor, the effect of 
landing a spacecraft upon the lunar surface and pictorial 
evidence of lunar environmental damage to the spacecraft itself. 
A section of the mirrored glass radiator atop one of the elec- 
tronic equipment compartments was shown to be cracked in a 
photograph taken during the second lunar day. 

The spacecraft also took a number of pictures of the 
solar corona (the Sun's upper atmosphere), the planet Jupiter 
and the first magnitude stars Sirius and Canopus. 

The television pictures showed that the spacecraft came 
to rest on a smooth, nearly level site on the floor of a ghost 
crater. The landing site was surrounded by a gently rolling 
surface studded with craters and littered with fragmental de- 
bris. The crestlines of low mountains were visible beyond the 
horiron. 

By July 13 , Surveyor I's 42nd day on the Moon, the space- 
craft had survived the intense heat of the lunar day (250 de- 
grees P), the cold of the two-week-long lunar night (minus 260 
degrees P) and a second full lunar day. Total picture count 
was: first lunar day — June 1 to June 14 — 10,338; second 
day — July 7 to July 13 — 812. The total operating time of 
Surveyor I (time during which signals were received from the 
spacecraft) was 612 hours. 


-more- 


Despite a faltering battery not expected to endure the 
rigors of the lunar environment over an extended period. Surveyor 
continued to accept Earth commands and transmit TV pictures 
through the second lunar sunset. It received and acted upon 
approximately 120,000 commands during the mission. 

Communications with Surveyor I were re-established 
periodically through January, 1967* but no TV pictures were 
obtained after the July, 1966, activity. Important Doppler 
data on the motion of the Moon was acquired during the final 
months of Surveyor operations. 

On Peb. 22, 1967* at 12:24 a.m. EST, Surveyor I was photo- 
graphed on the surface of the Moon by Lunar Orbiter III. 

Surveyor II was launched on Sept. 20, 1966, toward Sinus 
Medii in the center of the Moon. An attempt to perform the 
midcourse manuever was unsuccessful when one of the three liquid 
fuel vernier engines failed to fire. The thrust Imbalance 
caused the spacecraft to begin tumbling. Repeated attempts 
were made to command all three engines to fire to regain control 
of the spacecraft. When all attempts failed It was decided 
to perform a series of engineering experiments to obtain data 
on various subsystems concluding with the firing of the main 
retrorocket. The spacecraft Impacted the Moon southeast of the 
crater Copernicus at a velocity of nearly 6,000 miles per hour. 

Intensive investigation into possible causes of the 
Surveyor II failure by a team comprised of propulsion experts 
from the Jet Propulsion Laboratory, Hughes Aircraft Co., 

Thiokol Chemical Corp. and NASA did not result in the identifi- 
cation of the exact cause. As a result of this investigation, 
however, a number of changes in testing procedures were recom- 
mended for Surveyor C and subsequent spacecraft to provide 
better diagnostic capability in the vernier propulsion system 
during preflight testing as well as during the mission. These 
changes are designed to minimize the possibility of recurrence 
of the Surveyor II problem. 


-7- 


SURVEYOR C SPACECRAFT 


Spaceframe, Mechanisms and Thermal Control 


The spaceframe of the Surveyor is a triangular aluminum 
structure which provides mounting surfaces and attachments 
for the landing gear, main retrorocket engine, vernier engines 
and associated tanks, thermal compartments, antennas and other 
electronic and mechanical assemblies. 

The frame is constructed of thin-wall aluminum tubing, 
with the frame members interconnected to form the triangle. 

A mast, which supports the planar array high-gain antenna 
and single solar panel, is attached to the top of the spaceframe. 
The basic frame weighs less than 60 pounds and installation 
hardware weighs 23 pounds. 

The Surveyor stands about 10 feet high and, with its 
tripod landing gear extended, can be placed within a 14-foot 
circle. A landing leg is hinged to each of the three lower 
corners of the frame and an aluminum honeycomb footpad is 
attached to the outer end of each leg. An airplane-type shock 
absorber and telescoping lock strut are connected to the frame 
so that the legs can be folded into the nose shroud during 
launch. 

Blocks of crushable aluminum honeycomb are attached to 
the bottom of the spaceframe at each of its three comers to 
absorb part of the landing shock. Touchdown shock also is 
absorbed by the footpads and by the hydraulic shock absorbers 
which compress with the landing load. 

Two omnidirectional, conical antennas are mounted on the 
ends of folding booms which are hinged to the spaceframe. The 
booms remain folded against the frame during launch until 
released by squib -actuated pin pullers and deployed by torsion 
springs. The antenna booms are released only after the landing 
legs are extended and locked in position. 

An antenna/solar panel positioner atop the mast supports 
and rotates the planar array antenna and solar panel in either 
direction along four axes. This freedom of movement allows the 
antenna to be oriented toward Earth and the solar panel toward 
the Sun. 


-more- 
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Two thermal compartments house sensitive electronic 
apparatus for which active thermal control is needed through- 
out the mission. The equipment in each compartment is mounted 
on a thermal tray that distributes heat throughout the com- 
partment. An insulating blanket, consisting of 75 sheets of 
aluminized Mylar, is sandwiched between each compartment’s 
inner shell and the outer protective cover. The tops of the 
compartments are covered by mirrored glass thermal radiators 
to dissipate heat. 

Compartment A, which maintains an internal temperature 
between 40 degrees and 125 degrees F., contains two radio re- 
ceivers, two transmitters, the main battery, battery charge 
regulator, main power switch and some auxiliary equipment. 

Compartment B, kept between zero and 125 degrees P., 
houses the central command decoder, boost regulator, central 
signal processor, signal processing auxiliary, engineering 
signal processor, and low data rate auxiliary. 

Both compartments contain sensors for reporting tempera- 
ture measurements by telemetry to Earth, and heater assemblies 
to maintain the thermal trays above their allowable minimums. 

The compartments are kept below the 125-degree maximum with 
thermal swithces which provide a conductive path to the radiating 
surfaces for automatic dissipation of electrically generated 
heat. Compartment A contains nine thermal switches and com- 
partment B, six. The thermal shell weight of compartment A is 
25 pounds, and compartment B, 18 pounds. 

Passive temperature control is provided for all equipment, 
not protected by the compartments, through the use of paint 
patterns and polished surfaces. 

Twenty-nine pyrotechnic devices mechanically release or 
lock the mechanisms, switches and valves associated with the 
antennas, landing leg locks, roll actuator, retrorocket separa- 
tion attachments, helium and nitrogen tanks, shock absorbers 
and the retromotor detonator. Some are actuated by command from 
the Centaur, and others are actuated by ground command. 

A solid propellant, spherical retrorocket fits within the 
center cavity of the triangular frame and supplies the main 
thrust for slowing the spacecraft on approach to the Moon. 

The unit is attached at three points on the spaceframe near the 
landing leg hinges, with explosive nut separation points for 
ejection after burnout. The motor case, made of high-strength 
steel and insulated with asbestos and rubber, is 36 inches in 
diameter. Including the molybdenum nozzle, the unfueled motor 
weighs 144 pounds. With propellant, the weight is about 1,444 
pounds, or more than 60 per cent of the total spacecraft weight. 


-more- 
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Electrical harnesses and cables interconnect the space- 
craft subsystems to provide correct signal and power flow. 

The harness connecting the two thermal compartments is routed 
through a thermal tunnel to minimize heat loss from the com- 
partments. Coaxial cable assemblies , attached to the space- 
frame by brackets and clips, are used for high frequency 
transmission. 

Electrical interface with the Centaur stage is established 
through a 51-pin connector mounted on the bottom of the space- 
frame between two of the landing legs. The connector mates 
with the Centaur connector when the Surveyor is mounted to 
the launch vehicle. It carries pre-separation commands from 
the Centaur programmer and can handle emergency commands from 
the blockhouse console. Ground power and prelaunch monitor 
also pass through the connector. 


Power Subsystem 


The power sybsystem collects and stores solar energy, 
converts it to usable electric voltagg, and distributes it to 
the other spacecraft subsystems. The subsystem consists of the 
solar panel, a main battery and an auxiliary battery, an auxi- 
liary battery control, a battery charge regulator, main power 
switch, boost regulator, and an engineering mechanisms auxiliary. 

The solar panel is the spacecraft's primary power source 
during flight and during operations in the lunar day. It consists 
of 3*960 solar cells arranged on a thin, flat surface approxi- 
mately nine square feet in area. The solar cells are grouped 
in 792 separate modules and connected in series-parallel to 
guard against complete failure in the event of a single cell 
malfunction. 

The solar panel is mounted at the top of the Surveyor 
spacecraft's mast. Wing-like, it is folded away during launch 
and deployed by Earth-command after the spacecraft has been in- 
jected into the lunar transit trajectory. 

When properly oriented during flight, the solar panel 
can supply about 89 watts, most of the power required for the 
average operating load of all on-board equipment. 

During operation on the lunar surface, the solar panel can 
be adjusted by Earth-command to track the Sun within a few 
degrees, so that the solar cells remain always perpendicular 
to the solar radiation. 


, -more- 
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In this lunar-surface mode, the solar panel is designed 
to supply a minimum of 77 watts power at a temperature of 140 
degrees F., and a minimum of 57 watts at a temperature of 239 
degrees F. 

A 14-cell rechargeable, silver-zinc main battery is the 
spacecraft's power reservoir. It is the Sole source of power 
during launch; it stores electrical energy from the solar panel 
during transit and lunar-day operations; and it provides a 
backup source to meet peak power requirements during both of 
those periods. 

Fully charged, the battery provides 3,800 watt-hours 
at a discharge rate of 1.0 amperes. Battery output is approxi- 
mately 22 volts direct current for all operating and environ- 
mental conditions in temperatures from 40 degrees to 125 degrees 
F. 


The auxiliary battery is a non -rechargeable, silver-zinc 
battery contained in a sealed magnesium cannlster. It provides 
a power backup for both the main battery and the solar panel 
under peak power loading or emergency conditions. 

The battery has a capacity of from 800 to 1,000 watt-hours, 
depending upon power load and operating temperature. 

The battery charge regulator and the booster regulator 
are the two power conditioning elements of the spacecraft's 
electrical power subsystem. 

The battery charge regulator couples the solar panel to 
the main battery for maximum conversion and transmission of 
the solar energy necessary to keep the main battery at full 
c harge . 

It receives power at the solar panel's varying output 
voltage, and it delivers this power to the main battery at a 
constant battery terminal voltage. 

The battery charge regulator Includes sensing and logic 
circuitry for automatic battery charging whenever battery voltage 
drops below 27 volts direct current. Automatic battery charging 
also maintains battery manifold pressure at approximately 65 
pounds per square inch. 

Earth -command may override the automatic charging func- 
tion of the battery charge regulator. 


-more- 
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The booster regulator unit receives unregulated power 
from 17 to 27.5 volts direct current from the solar panel, 
the main battery, or both, and delivers a regulated 29 volts 
direct current to the spacecraft’s three main power transmission 
lines. These three lines supply all the spacecraft's power 
needs, except for a 22-volt unregulated line which serves 
heaters, switches, actuators, solenoids and electronic circuits 
which do not require regulated power or provide their own 
regulation. 


Telecommunications 


Communications equipment aboard Surveyor has three func- 
tions: to provide for transmission and reception of radio sig- 

nals; to decode commands sent to the spacecraft; and to select 
and convert engineering and television data into a form suit- 
able for transmission. 

The first group includes the three antennas: one high- 

gain, directional antenna and two low-gain, omnidirectional 
antennas, two transmitters and two receivers with transponder 
interconnections. Dual transmitters and receivers are used 
for reliability. 

The high -gain antenna transmits 600 -line television data. 
The low-gain antennas are designed for command reception and 
transmission of other data Including 200 -dine television data 
from the spacecraft. The low-gain antennas are each connected 
to one receiver. The transmitters can be switched to either 
low-gain antennas or to the high-gain antenna; and can operate 
at low or high-power levels. Thermal control of the three 
antennas is passive, dependent on surface coatings to keep 
temperatures within acceptable limits. 

The command decoding group can handle up to 256 commands 
either direct, (on-off) or quantitative (time -intervals) . Each 
incoming command is checked in a central command decoder which 
will reject a command, and signal the rejection to Earth, if 
the structure of the command is incorrect. Acceptance of a 
command is also radioed to Earth. The command is then sent to 
subsystem decoders that translate the binary information into 
an actuating signal for the function command such as squib 
firing or changing data modes. 


-more- 
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Processing of most engineering data, (temperatures, 
voltages, currents, pressures, switch positions, etc.) is 
handled by the engineering signal processor or the auxiliary 
processor. There are over 200 engineering measurements of 
the spacecraft. None are continuously reported. There are 
four commutators in the engineering signal processor to permit 
sequential sampling of selected signals. The use of a commutator 
is dependent on the type and amount of information required 
during various flight sequences. Each commutator can be com- 
manded into operation at any time and at any of the five bit 
rates: 17*2, 137.5# 550, 1100 and 4,400 bits per second. 

Commutated signals from the engineering processors are 
converted to 10-bit data words by an analog -to-digital conver- 
ter in the central signal processor and relayed to the transmitter. 
The low bit rates are normally used for transmissions over the 
low gain antennas and the low power levels of the transmitters. 


Propulsion 


The propulsion system consists of three liquid fuel 
vernier rocket engines and a solid fuel retromotor. 

The vernier engines are supplied propellant by three 
fuel tanks and three oxidizer tanks. There is one pail? of 
tanks, fuel and oxidizer, for each engine. The fuel and oxidi- 
zer in each tank is contained in a bladder. Helium stored 
under pressure is used to deflate the bladders and force the 
fuel and oxidizer into the feed lines. Tank capacity is 170.3 
pounds each. 

The oxidizer is nitrogen tetroxide with 10 percent nitric 
oxide. The fuel is monomethylhydrazine monohydrate. An igni- 
tion system is not required for the verniers as the fuel and 
oxidizer are hypergolic, burning upon contact. The throttle 
range is 30 to 104 pounds of thrust. 

The main retro is used at the beginning of the terminal 
descent to the lunar surface and slows the spacecraft from an 
approach velocity of about 6,000 miles per hour to approximately 
230 miles per hour. It burns an aluminum, ammonium- percholorate 
and polyhydrocarbon, case bonded composite type propellant with 
a conventional grain geometry. 

The nozzle has a graphite throat and a laminated plastic exit 
cone . The case is of high strength steel insulated with asbestos 
and silicon dioxide -filled buna-N rubber to maintain the case 
at a low temperature level during firing. 


-more- 
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Engine thrust varies from 8,000 to 10,000 pounds over 
a temperature range of 50 to 70 degrees F. Passive thermal 
control, insulating blankets and surface coatings will main- 
tain the grain above 50 degrees F. It is fired by a pyrogen 
igniter. The main retro weighs approximately 1,444 pounds and 
is spherical shaped, 36 inches in diameter. 


Flight Control Subsystem 


Flight control of Surveyor, control of its attitude 
and velocity from Centaur separation to touchdown on the Moon, 
is provided by: primary Sun sensor, automatic Sun acquisition 

sensor, Canopus sensor, inertial reference unit, altitude 
marking radar, inertia burnout switch, radar altimeter and 
Doppler velocity sensors, flight control electronics, and three 
pairs of cold gas Jets. Flight control electronics includes a 
digital programmer, gating and switching, logic and signal 
data converter for the radar altimeter and Doppler velocity 
sensor. 

The information provided by the sensors is processed 
through logic circuitry in the flight control electronics to 
yield actuating signals to the gas Jets and to the three liquid 
fuel vernier engines and the solid fuel main retro motor. 

The Sun sensors provide information to the flight control 
electronics indicating whether or not they are illuminated by 
the Sun. This information is used to order the gas Jets to 
fire and maneuver the spacecraft until the Sun sensors are 
on a direct line with the Sun. The primary Sun sensor consists 
of five cadmium sulphide photo conductive cells. During flight 
Surveyor will continu ous jj ^rlft off of Sun lock in a cycle less 
than 0.2 t 0.3 degrees. The drift is continuously corrected by 
signals from the primary sensor to the flight electronics order- 
ing the pitch and yaw gas Jets to fire to correct the drift. 

Locking on to the star Canopus requires prior Sun lock-on. 
Gas Jets fire intermittently to compensate for drift to main- 
tain Canopus lock-on and thus control spacecraft roll during 
cruise modes. If star or Sun lock is lost, control is automati- 
cally switched from optical sensors to inertial sensors (gyros). 

The inertial reference unit is also used during mission 
events when the optical sensors cannot be used. These events 
are the midcourse maneuver and descent to the lunar surface. 

This device senses changes in attitude and in velocity of the 
spacecraft with three gyros and an accelerometer. Information 
from the gyros is processed by the control electronics to order 


-more- 
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gas jet firing to change or maintain the desired attitude. 

During the thrust phases the inertial reference unit controls 
vernier engine thrust levels, by differential throttling for 
pitch and yaw control and swiveling one vernier engine for roll 
control. The accelerometer controls the total thrust level. 

The altitude marking radar will provide the signal for 
firing of the main retro. It is located in the nozzle of the 
retromotor and is ejected when the motor ignites. The radar 
will generate a signal at about 60 miles above the lunar surface 
The signal starts the programmer automatic sequence after a pre- 
determined period (directed by ground command); the programmer 
then commands vernier and retro ignition and turns on the Radar 
Altimeter and Doppler Velocity Sensor (RADVS). 

The inertia burnout switch will close when the thrust 
level of the main retromotor drops below 3.5 generating a 
signal which is used by the programmer to command jettisoning 
of the retromotor and switching to RADVS control. 

Control of the spacecraft after main retro burnout is 
vested in the radar altimeter and Doppler velocity sensor. 

There are two radar dishes for this sensor. An altimeter/velo- 
city sensing antenna radiates two beams and a velocity sensing 
antenna two beams. Beams 1, 2, and 3 give vertical and trans- 
verse velocity. Beam 4 provides altitude or slant range infor- 
mation. Beams 1, 2, and 3 provide velocity data by summing in 
the signal data converter of the Doppler shift (frequency shift 
due to velocity) of each beam. The converted range and velocity 
data is fed to the gyros and circuitry logic which in turn con- 
trol the thrust signals to the vernier engines. 

The flight control electronics provide for processing 
sensor information into telemetry signals and to actuate space- 
craft mechanisms. It consists of control circuits, a command 
decoder and an AC/DC electronic conversion unit. The programmer 
controls timing of main retro phase and generates precision 
time delays for attitude maneuvers and midcourse velocity cor- 
rection. 

The attitude jets provide attitude control to the space- 
craft from Centaur separation to main retro burn. The gas Jet 
system is fed from a spherical tank holding 4.3 pounds of nitro- 
gen gas under high pressure. The system includes regulating 
and dumping valves and three pairs of opposed gas jets with 
solenoid -operated valves for each jet. One pair of jets is loca 
ted at the end of each of the three landing legs. The pair on 
leg number one control motion in a horizontal plane. Imparting 
roll motion to the spacecraft. Pairs two and three control 
pitch and yaw. 


-more- 
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Television 


The Surveyor spacecraft carries one survey television 
camera. The camera is mounted nearly vertically, pointed at 
a movable mirror. The mounting containing the mirror can swivel 
360 degrees, and the mirror can tilt down to view a landing leg 
to up above the horizon. 

The camera can be focused, by Earth command, from four 
feet to infinity.. Its iris setting, which controls the amount 
of light entering the camera, ean adjust automatically to the 
light level or can be commanded from Earth. The camera has a 
variable focal length lens which can be adjusted to narrow angle, 
6.4 x 6.4 field of view, to wide angle, 25.4 x 25.4 field of 
view. 


A focal plane shutter provides an exposure time of 150 
milliseconds. The shutter can also be commanded open for an 
indefinite length of time. A sensing dtvlce coupled to the 
shutter will keep it from opening If the light level is too 
Intense. A too-high light level could occur from changes in the 
area of coverage by the camera, a change in the angle of mirror, 
in the lens aperture, or by changes in Sun angle. The same 
sensor controls the automatic iris setting. The sensing device 
can be overridden by ground command. 

The camera system can provide 200 or 600-line pictures. 

The 600-line pictures require that the high gain directional 
antenna and the high power level of the transmitter are both 
operating. The 600-line mode provides a picture each 3.6. sec- 
onds and the 200 line mode every 61.8 seconds. 

A filter wheel can be commanded to one of four positions 
providing clear, colored or polarizing filters. 

Two flat beryllium mirrors are mounted on the spacecraft 
frame near leg number one to provide additional coverage of 
the area under the spacecraft for the television camera. The 
larger mirror is 10 inches x 9 inches; the smaller is 3i inches 
x 9 t Inches. 

The large mirror provides a view of the lower portion of 
crushable block number three and the area under vernier engine 
number three. The small mirror provides a view of the area 
under vernier engine number two. 

The purpose is to provide pictures of the lunar soil 
disturbed by the spacecraft landing and the amount of damage 
to the crushable block itself. 

Principal television investigator is Dr. Eugene Shoemaker, 
U. S. Geological Survey. 
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SURVEYOR SURVEY TV CAMERA 
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Surface Sampler Experiment 


Payload of the Surveyor C spacecraft Includes a surface 
sampler mechanism designed to provide significant Information 
on the characteristics of the lunar surface. 

To be flown for the first time on the third Surveyor 
mission and planned also for Mission D, the metal claw digger 
may enable scientists to analyze the Moon's bearing strength 
to a depth of about 18 Inches by digging holes and furrows and 
moving small amounts of lunar soil from one place to another. 

The device is a scoop about five inches long and two inches 
wide attached to an extendable arm hinged horizontally and 
vertically to the spacecraft. The surface sampler is attached 
to the spaceframe in place of the downward-looking approach TV 
camera which was flown on Surveyors I and II. 

The flexible arm, to which the scoop is rigidly attached, 
is made up of tubular aluminum cross members which operate 
mechanically in a scissor fashion to extend or retract the scoop. 
The arm is spring-loaded and is held in its retracted or partially 
retracted position by a metal tape, one end attached to the scoop 
and the other wound on a motor spindle at the base. Extension 
and retraction of the arm is controlled by commands to the motor 
to reel or unreel the tape. Maximum extension is about five 
feet from the spaceframe. 

Two other motors, which can be operated in either direction, 
will allow the arm to pivot 112 degrees in a horizontal arc and 
to elevate or lower the scoop over a range of some 40 inches 
above to about 18 inches below a level lunar surface. Surface 
area available to the sampler totals about 24 square feet. 

A fourth motor, located in the scoop, opens and closes 
a two-by-four-inch door on the scoop. All four motors operate 
on 22 volts of unregulated direct current from the spacecraft 
battery. They operate for either of two time periods, a single 
command pulsing the motor for one -tenth of a second or for two 
seconds. Selection of the motor to be operated, motor direction 
and the time period is made by ground command. 

The instrument will be used in conjunction with the survey 
TV camera. The scoop will be positioned in view of the camera, 
then activated to perform picking, digging or trenching opera- 
tions. Visual data combined with a determination of the force 
developed during the digging is expected to indicate strength, 
texture and cohesive characteristics of the soil. 


-more- 







-17 


A single telemetry channel from the Surveyor will monitor 
the electric current being drawn by the motor in operation. 

By using pre-flight calibration data, this measurement can be 
used in analyzing the force necessary to scrape or dig the 
surface and break small rocks or clods. 

In the event of a camera failure, where the surface 
sampler must be used in the blind, the force measurements will 
be of some, but less value, in analyzing the operation of the 
instrument. For maximum success of the experiment, the surface 
sampler is dependent upon visual data from the TV camera. 

The scoop, arm, motors, and housing for the device total 
about 8.4 pounds. The instrument 1 s electronics unit, located 
in a separate thermal-control compartment, weighs about 6.3 
pounds . 

Principal scientific investigator for the surface sampler 
experiment is Dr. Ronald F. Scott of the California Institute 
of Technology. The instrument was designed and built by the 
Hughes Aircraft Company. 

Engineering Instrumentation 


Engineering evaluation of the Surveyor flight will be 
augmented by an engineering payload including an auxiliary 
battery, auxiliary processor for engineering information, and 
instrumentation consisting of extra temperature sensors, strain 
gauges for gross measurements of vernier engine response to 
flight control commands and shock absorber loading at touchdown, 
and extra accelerometers for measurements of vernier engine 
response to flight control commands and shock absorber loading 
at touchdown, and extra accelerometers for measuring structural 
vibration during main retro bum. 

The auxiliary battery will provide a backup for both 
emergency power and peak power demands to the main battery 
and the solar panel. It is not rechargeable. 

The auxiliary engineering signal processor provides two 
additional telemetry commutators for determining the performance 
of the spacecraft. It processes the information in the same 
manner as the engineering slngal processor, providing additional 
signal capacity and redundancy. 
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ATLAS -CENTAUR LAUNCH VEHICLE 

Primary objective of the Atlas-Centaur 12 launch vehicle 
is to inject the Surveyor C spacecraft on a lunar impact 
trajectory with sufficient accuracy so that the midcourse 
correction required of the spacecraft is within its capability 
of 111.85 miles per hour. The Centaur second stage will execute 
a retromaneuver after spacecraft separation to ensure that the 
vehicle and spacecraft are adequately separated. 

Surveyor C will be injected toward the Moon following 
primary boost by an Atlas* injection of the Centaur stage and 
spacecraft into a 100-statute mile Earth parking orbit, and final 
injection of the spacecraft following a variable -length coast 
phase. Depending on time of launch, the coast phase will vary 
from four to 25 minutes. 

This will be the first operational two-burn mission for 
the Atlas -Centaur vehicle. Previously, Surveyors X and II were 
successfully launched to the Moon using the single -burn, direct- 
ascent method. 

Surveyor I was injected on its lunar-transfer trajectory 
with such accuracy that the midcourse velocity correction re- 
quired by the spacecraft to land within ten miles of its pre- 
selected target was only about eight miles per hour. (Surveyor 
has a maximum "lunar miss" correction capability of 111. 85 mph.) 
Even without a midcourse correction. Surveyor I would have 
landed only 250 miles from its target. 

The high-energy Centaur second stage demonstrated its 
capability to perform two-burn, parking orbit missions last 
October with the successful test flight of the AC-9 vehicle. 

That mission completed the Centaur vehicle development program 
and qualified the Centaur for operational use for both direct- 
ascent and parking orbit flights. 

In addition to supporting the Surveyor program, the Centaur 
vehicle is also scheduled to launch two Mariner spacecraft on 
Mars fly-bys during 1969. Centaur was also recently designated 
to launch the Orbiting Astronomical Observatory spacecraft and 
Advanced Technology Satellites beginning in 1968. 
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LAUNCH VEHICLE CHARACTERISTICS 
(All figures approximate) 


Liftoff weight: 

303,000 lbs. 


Liftoff height: 

113 feet 


Launch Complex: 

36 -B 


Launch Azimuth: 

Variable: 93-115 degrees 


Atlas-D Booster 

Centaur Stage 

Weight: 

263,000 lbs. 

37,800 lbs. 

Height: 

75 feet (including 
Interstage adapter) 

47 feet (with 
fairing) 

Thrust: 

388,000 lbs. (sea 
level) 

30,000 lbs. 
(vacuum) 

Propellants: 

Liquid oxygen and 
RP-1 

Liquid hydrogen 
and liquid oxygen 

Propulsion: 

MA-5 system (2- 
165,000 lb. thrust 
engines, 1 - 57 , 000 , 
2 - 670 ) 

Two 15,000 lb. 
thrust RL-10 engines 

Velocity: 

5,600 mph at EECO 
7,900 mph at SECO 

23,600 mph at 
injection 

Guidance: 

Pre-programmed auto- 
pilot through EECO 

Inertial guidance 


AC-12 consists of a modified Series D Atlas combined with 
a Centaur second stage. Both stages are 10 feet In diameter 
and are connected by an interstage adapter. Both the Atlas 
and Centaur stages rely on pressurization for structural In- 
tegrity, 
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The Atlas first stage Is 75 feet high, including the 
interstage adapter, and uses a standard MA-5 propulsion 
system. It consists of two booster engines and a sustainer 
engine, developing 387,000 pounds of thrust. Two vernier 
engines of 670 pounds thrust each provide roll directional 
control. 

The Centaur second stage Including the nose fairing 
is 47 feet long. It is powered by two Improved RL-10 hydrogen- 
oxygen engines, designated RL-10 A-3-3. The RL-10 was the 
first hydrogen-fueled engine developed for the space program 
and is the forerunner of the larger J-2 and M-l hydrogen 
engines, which develop 200,000 and 1,500,000 pounds thrust, 
respectively. 

The current Atlas-Centaur vehicle can launch about 2,350 
pounds on a two bum parking orbit ascent lunar trajectory. 

An improved Atlas, called a Standardized Launch Vehicle (SLV-3C), 
used in combination with Centaur will Increase this capability 
to about 2,600 pounds for two burn parking orbit ascent lunar 
missions. 

Modifications to the vehicle to Increase its payload 
capability include lengthening of the Atlas by four feet, which 
will increase its total propellant capacity by some 20,000 
pounds, and uprating of the Atlas booster and sustainer engines, 
which will Increase the booster thrust from 388*000 to 395,000 
pounds . 

The SLV-3C is scheduled to be used initially on the AC-13 
mission. 

Centaur carries insulation panels and a nose fairing 
which are jettisoned after the vehicle leaves the Earth* s atmos- 
phere. The insulation panels, weighing about 1,200 pounds, 
surround the second stage hydrogen tanks to prevent the heat 
of air friction from causing excessive boil-off of liquid 
hydrogen during flight through the atmosphere. The nose fair- 
ing protects the payload from this same heat environment. 
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TRACKING AND COMMUNICATION 

The flight of the Surveyor spacecraft from injection to 
the end of the mission will be monitored and controlled by 
the Deep Space Network (DSN) and the Space Plight Operations 
Facility (SFOF) operated by the Jet Propulsion Laboratory. 

Some 300 persons will be involved in Surveyor flight 
monitoring and control during peak times in the mission. On 
the Surveyor I flight more than 100,000 ground commands were 
received and acted on by the spacecraft during flight and 
after the soft landing. 

The Deep Space Network consists of six permanent space 
communications stations in Australia, Spain, South Africa and 
California; a spacecraft monitoring station at Cape Kennedy; 
and a spacecraft guidance and a command station at Ascension 
Island in the South Atlantic. 

The DSN facilities assigned to the Surveyor project are 
Pioneer at Goldstone, Calif; Robledo, Spain; Tidbinbilla in 
the Canberra complex, Australia; and Ascension Island. 

The Goldstone facility is operated by JPL with the 
assistance of the Bendix Field Engineering Corp. The 
Tidbinbilla facility is operated by the Australia Department 
of Supply. The Robledo facility is operated by JPL under an 
agreement with the Spanish government and the support of 
Instituto Nacional de Tecnica Aeroespacial (INTA) and the 
Bendix Field Corp. The Ascension Island DSN facility is 
operated by JPL with Bendix support under a cooperative agree- 
ment between the United Kingdom and the U.S. 

The DSN uses a ground communications system for operational 
control and data transmission between these stations. The 
ground communications system is a part of a larger net (NASCOM) 
which links all of the NASA stations around the world. This 
net is under the technical direction of NASA's Goddard Space 
Flight Center, Greenbelt, Md. 

The DSN supports the Surveyor flight in tracking the 
spacecraft, receiving telemetry from the spacecraft, and sending 
it commands. The DSN renders this support to all of NASA's 
unmanned lunar and planetary spacecraft from the time they are 
injected into planetary orbit until they complete their 
missions. 

Stations of the DSN receive the spacecraft radio signals, 
amplify them, process them to separate the data from the 
carrier wave and transmit required portions of the data to 
the command center via high-speed data lines, radio links, and 
teletype. The stations are also linked with the center by voice 
lines. All incoming data are recorded on magnetic tape. 
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The information transmitted from the DSN stations to the 
SFOF is fed into large scale computer systems which translate 
the digital code into engineering units, separate information 
pertinent to a given subsystem on the spacecraft, and drive 
display equipment in the SFOF to present the information to 
the engineers on the project. All incoming data are again 
recorded in the computer memory system and are available on 
demand. 

Equipment for monitoring television reception from 
Surveyor is located in the SFOF. 

Some of the equipment is designed to provide quick-look 
information for decisions on commanding the camera to change 
iris settings, change the field of view from narrow angle to 
wide angle, change focus, or to move the camera either 
horizontally or vertically. Television monitors display the 
picture being received. The pictures are received line by 
line and each line is held on a long persistence television 
tube until the picture is complete, A special camera system 
produces prints of the pictures for quick-look analysis. 

Other equipment will produce better quality pictures from 
negatives produced by a precision film recorder. 

Commands to operate the camera will be prepared in 
advance on punched paper tape and forwarded to the stations 
of the DSN. ^They will be transmitted to the spacecraft from 
the DSN station on orders from the SFOF. 

Three technical teams support the Surveyor television 
mission in the SFOF: one is responsible for determining the 

trajectory of the spacecraft including determination of launch 
periods and launch requirements, generation of commands for 
the midcourse and terminal maneuvers; the second is responsible 
for continuous evaluation of the condition of the spacecraft 
from engineering data radioed to Earth; the third is responsible 
for evaluation of data regarding the spacecraft and for 
generating commands controlling spacecraft operations. 
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TRAJECTORY 


The determination of possible launch days, specific times 
during each day and the Earth-Moon trajectories for the Sur- 
veyor spacecraft are based on a number of factors, or contraints. 

A primary constraint Is the time span during each day the 
Surveyor can be launched — the launch window — which Is de- 
termined by the requirement that the launch site at launch time 
and the Moon at arrival time be contained In the Earth-Moon 
transfer orbit plane. With the launch site moving eastward as 
the Earth revolves, acceptable conditions occur only once each 
day for a given plane. However, by altering the plane as a re- 
sult of changing the launch azimuth, or direction of launch 
from the launch site, between an allowable 78 to 115 degrees. 

East of North, the launch window can be extended up to as much 
as four hours. 

The launch azimuth constraint of 78 to 115 degrees is Im- 
posed by the range safety consideration of allowing the initial 
launch phase only over the ocean, not over land masses. 

The time of flight, or the time to landing, about 61-65 
hours, is determined by the constraint placed upon the trajec- 
tory engineer that Surveyor must reach the Moon during the view- 
ing period of the prime Deep Space Net station at Goldstone in 
the California Mojave Desert. 

Landing sites are further limited by the curvature of the 
Moon. The trajectory engineer cannot pick a site, even if it 
falls within the acceptable band, if the curvature of the Moon 
will interfere with a direct communication line between the 
spacecraft and the Earth. 

Two other factors in landing site selection are smoothness 
of terrain and a requirement for Surveyor to land, in areas se- 
lected for the Apollo manned lunar mission. 

Thus the trajectory engineer must tie together the launch 
characteristics, the landing site location, the declination of 
the Moon and flight time, in determining when to launch, in 
which direction, and at what velocity. 

His chosen trajectory also must not violate constraints on 
the time allowable that the Surveyor can remain in the Earth's 
shadow. Too long a period can result in malfunction of com- 
ponents or subsystems . In addition, the Surveyor must not re- 
main in the shadow of the Moon beyond given limits. 
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The velocity of the spacecraft when it arrives at the Moon 
must also fall within defined limits. These limits are defined 
by the retrorocket capability. The velocity relative to the 
Moon is primarily correlated with the flight time and the Earth- 
Moon distance for each launch day. 

So, a further requirement on the trajectory engineer is the 
amount of fuel available to slow the Surveyor from its lunar ap- 
proach speed of 6,000 mph to nearly zero velocity, 13 feet above 
the Moon , s surface. The chosen trajectory must not yielcT velo- 
cities that are beyond the designed capabilities of the space- 
craft propulsion system. 

Also included in trajectory computation is the Influence on 
the flight path and velocity of the spacecraft of the gravita- 
tional attraction of primarily the Earth and Moon and to a lesser 
degree the Sun, Mercury, Venus, Mars, and Jupiter. 

It is not expected that the launching can be performed with 
8Hfficient accuracy to Impact the Moon in exactly the desired 
area. The uncertainties involved in a launch usually yield a 
trajectory or an injection velocity that vary slightly from the 
desired values. The uncertainties are due to inherent limita- 
tions in the guidance system of the launch vehicle. To compen- 
sate, lunar and deep space spacecraft have the capability of per- 
forming a midcourse maneuver o t trajectory correction. To alter 
the trajectory of a spacecraft it is necessary to apply thrust, 
or energy, in a specific direction to change its velocity. The 
trajectory of a body at a point in space being basically deter- 
mined by its velocity. 

For example, a simple midcourse might involve correcting a 
too high injection velocity. To correct for this the spacecraft 
would be commanded to turn in space until its midcourse engines 
were pointing in its direction of travel. Thrust from the en- 
gines would slow the craft. However, in the general case the 
midcourse is far more complex and will involve changes both in 
velocity and its direction of travel. 

A certain amount of thrust applied in a specific direction 
can achieve both changes. Surveyor will use its three liquid 
fuel vernier engines to alter its flight path in the midcourse 
maneuver. It will be commanded to roll and then to pitch or yaw 
in order to point the three engines in the required direction. 

The engines then burn long enough to apply the change in velocity 
required to alter the trajectory. 

The change in the trajectory is very slight at this point 
and a tracking period of about 20 hours is required to determine 
the new trajectory. This determination will also provide the data 
required to predict the spacecraft* s angle of approach to the 
Moon, time of arrival, and its velocity as it approaches the Moon. 
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ATLAS -CENTAUR 12/SURVEYOR C FLIGHT PLAN 

Surveyor C will be launched by Atlas -Centaur 12 from 
Cape Kennedy Complex 36 b In the launch vehicle's first 
operational mission Involving two burns of the Centaur 
second stage. 


Launch Periods 


Date 

Launch 


Arrival Time 
~ Window 

Off-Vertical 

Incidence 

Ancle 

Oeen 

Close 

Date 

Ooen 

Close 

17 

01 :24 

04:09 

19 

19:06 

22 :06 

26 ° 

18 

03:10 

05:43 

20 

20:03 

23:33 

27° 

19 

04:55 

07:15 

21-22 

21 :24 

00:39 

27° 

20 

06 :40 

08:45 

22-23 

22:24 

01:12 

25° 

21 

08 :07 

10:16 

23-24 

23:25 

01:14 

ro 

o 


Atlas Phase 

After liftoff, AC-12 will rise vertically for the first 
15 seconds, then roll to the desired flight plane azimuth 
of between 93 and 115 degrees. During booster engine flight, 
the vehicle is steered by the Atlas autopilot. 

After 143 seconds of booster flight, the booster engines 
are shut down (BECO) and Jettisoned. The Centaur guidance 
system then takes over flight control. The Atlas sustainer 
engine continues to propel the AC-12 vehicle to an altitude 
of about 85 miles. Prior to sustainer engine shutdown, the 
second stage insulation panels are Jettisoned, followed 
by the nose fairings. 

The Atlas and Centaur stages are then separated by an 
explosive, shaped charge and retrorockets mounted on the 
Atlas . 


Centaur Phase 


Centaur’s hydrogen engines are then ignited for a planned 
327 -second burn. This will place Centaur and the Surveyor 
spacecraft into a 100-mile Earth parking orbit. 

As Centaur's engines are shut down and the coast phase 
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begins, two 50-pound- thrust hydrogen-peroxide rockets are 
fired to settle the propellants. 

Two hydrogen-peroxide ullage rockets, each with three 
pounds thrust, are then fired continuously during the coast 
period to retain the propellants in the lower part of the 
tanks. 


During the coast period in Earth orbit, control of 
Centaur will be accomplished using two clusters of 3.5 and 
six-pound thrust hydrogen-peroxide rockets. 

About 40 seconds before Centaur’s second burn, the 
two 50-pound thrusters are again used to insure proper 
propellant settling. 

Once Centaur is in an accurate position to inject the 
Surveyor toward the Moon, the hydrogen-fueled main engines 
are Ignited for an approximate 107-second burn. The second- 
burn command and duration ef the burn are determined by 
Centaur 1 8 inertial guidance system, as are all command and 
steering functions following Atlas booster engine cutoff and 
jettison. 


Separation 

The Surveyor spacecraft is separated from Centaur and 
injected toward the Moon. 

Following spacecraft separation, the Centaur vehicle 
will perform a 180-degree reorientation maneuver, using its 
attitude control system. 

Centaur's velocity is then changed by retro- thrusting. 

The thrust for this maneuver is produced by two 50-pound 
hydrogen-peroxide thrusters as well as by '‘blowing” residual 
propellants through Centaur's main engines. 

As a result of this retrcananeuver the Centaur and the 
spacecraft will be separated by at least 200 statute miles, 
five hours after launch. 

The Centaur vehicle will continue in a highly elliptical 
Earth orbit with a period ranging from eight to 11 days. 

First Surveyor Events 

Shortly after Centaur engine shutdown, the programmer 
commands Surveyor's legs and two omnidirectional antennas 
to extend and orders the spacecraft's transmitter to high power. 

After Surveyor separates from the Centaur an automatic 
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coramand is given by the spacecraft to fire explosive bolts 
to unlock the solar panel. A stepping motor then moves the 
panel to a prescribed position. Solar panel deployment can 
also be commanded from the ground if the automatic sequence 
fails . 


Surveyor will then perform an automatic Sun-seeking man- 
euver to stabilize the pitch and yaw axes and to align its 
solar panel with the Sun for conversion of sunlight to elec- 
tricity to power the spacecraft. Prior to this event the 
spacecraft main battery is providing power. 

The Sun acquisition sequence begins immediately after 
separation from Centaur and simultaneously with the solar panel 
deployment. The nitrogen gas jet system, which is activated 
at separation, will first eliminate random pitch, roll and 
yaw motions resulting from separation from Centaur. Then a 
sequence of controlled roll and yaw turning maneuvers is 
commanded for Sun acquisition. 

Sun sensors aboard Surveyor will provide signals to the 
attitude control gas jets to stop the spacecraft when it is 
pointed at the Sun. Once locked on the Sun, the gas jets 
will fire intermittently to control pitch and yaw attitude. 

Pairs of attitude control jets are located on each of the three 
landing legs of the spacecraft. 

In the event the spacecraft does not perform the Sun 
seeking maneuver automatically, this sequence can be com- 
manded from the ground. 

The next critical step for Surveyor is acquisition of 
its radio signal by the Deep Space Net tracking stations at 
Ascension Island and Johannesburg, South Africa, the first 
DSN stations to see Surveyor after launch. 

It is critical at this point to establish the communi- 
cations link with the spacecraft to receive telemetry to 
quickly determine the condition of the spacecraft, for com- 
mand capability to assure control, and for Doppler measure- 
ments from which velocity and trajectory are computed. 

The transmitter can only operate at high power for 
approximately one hour without overheating. It is expected, 
however, that the ground station will lock on to the space- 
craft’s radio signal within 40 minutes after launch and if 
overheating is indicated, the transmitter can be commanded 
to low power. 

The next major spacecraft event after the Sun has been 
acquired is Canopus acquisition. Locking on the star 
Canopus provides a fixed inertial reference for the roll orienta- 
tion. 
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Canopus Acquisition 

Canopus acquisition will be commanded from the ground 
about six hours after launch. The gas Jets will fire to roll 
the spacecraft at 0.5 degree per second. When the sensor 
sees the predicted brightness of Canopus (the brightest star 
in the Southern Hemisphere) it will order the roll to stop 
and lock on the star. The brightness of the light source 
it is seeing will be telemetered to Earth to verify that 
it is locked on Canopus. 

Verification can also be provided by a ground command 
ordering a 360 degree roll and the plotting of each light source 
the sensor sees that is in the sensitivity range of the Bensor. 
(The sensor will ignore light levels above and below given 
intensities.) This star map can be compared with a map pre- 
pared before launch to verify that the spacecraft is locked on 
Canopus . 

Now properly oriented on the Sun and on Canopus, Sur- 
veyor is in the coast phase of the transit to the Moon. 

Surveyor is transmitting engineering data to Earth and 
receiving commands via one of its omnidirectional antennas. 
Tracking data is obtained from the pointing direction of 
ground antenna and observed frequency change (Doppler). 

The solar panel is providing electrical power and 
additional power for peak demands is being provided by one of 
two batteries aboard. The gas jets are firing intermittently 
to keep the craft aligned on the Sun and Canopus. 

The engineering and tracking information is received 
from Surveyor at one of the stations of the Deep Space Net. 

The data is communicated to the Space Flight Operations 
Facility (SFOF) at the Jet Propulsion Laboratory in Pasa- 
dena where the flight path of the spacecraft is carefully 
calculated and the condition of the spacecraft continuously 
monitored. 


Midcourse Maneuver 


Tracking data will be used to determine how large a 
trajectory correction must be made to land Surveyor in the 
given target area. This trajectory correction, called the 
midcourse maneuver, is required because of many uncertain- 
ties in the launch operation that prevent absolute accuracy 
in placing a spacecraft on a trajectory that will intercept 
the Moon precisely at the desired landing point. 

The midcourse maneuver is timed to occur over the Goldstone 
station of the DSN in the Mojave Desert, the tracking station 
nearest the SFOF at JPL. 
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The thrust for the midcourse maneuver will be provided by 
the spacecraft's three liquid fuel vernier engines. Total thrust 
level is controlled by an accelerometer at a constant accel- 
eration equal to 0.1 Earth g (3.2 ft/sec/sec). Pointing 
errors are sensed by gyros which can cause the individual 
engines to change thrust level to correct pitch and yaw 
errors and swivel one engine to correct roll errors. 

Plight controllers determine the required trajectory 
change to be accomplished by the raidcourse maneuver. In 
order to align the engines in the proper direction to apply 
thrust to change the trajectory, or flight path. Surveyor will 
be commanded to roll, then pitch or yaw to achieve this 
alignment. Normally, two maneuvers are required, a roll-pitch 
or a roll-yaw. 

The duration of the first maneuver is radioed to the 
spacecraft, stored aboard and re -transmitted back to Earth 
for verification. Assured that Surveyor has received the 
proper information, it is then commanded to perform the 
first maneuver. When completed, the second maneuver is 
handled in the same fashion. With the spacecraft now aligned 
properly in space, the number of seconds of required thrust is 
transmitted to the spacecraft, stored, verified and then 
executed. 

In the event of a failure of the automatic timer aboard 
the spacecraft which checks out the duration of each maneuver 
turn and firing period, each step in the sequence can be 
performed by carefully timed ground commands . 

After completion of the midcourse maneuver. Surveyor 
reacquires the Sun and Canopus. Again Surveyor is in the 
cruise mode and the next critical event will be the terminal 
maneuver. 


Terminal Sequence 

The first step starts at about 1,000 miles above the 
Moon's surface. The exact descent maneuvers will depend on 
the flight path and orientation of the Surveyor with respect 
to the Moon and the target area. Normally they will be a 
roll followed by a yaw or a pitch turn. As in the midcourse 
maneuver, the duration times of the maneuvers are radioed 
to the spacecraft and the gas jets fire to execute the re- 
quired roll and pitch and yaw. The object of the maneuver 
is to align the main retro solid rocket with the descent 
path. To perform the maneuvers, the spacecraft will 
break its lock on the Sun and Canopus. Attitude control 
will be maintained by inertial sensors. Gyros will sense 
changes in the attitude and order the gas jets to fire to 
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CRUISE AniTUDE 



SURVEYOR TERMINAL DESCENT 
TO LUNAR SURFACE 

(Approximate Altitudes and Velocities Given) 


PRE-RETRO MANEUVER 30 MIN. 
BEFORE TOUCHDOWN ALIGNS 
MAIN RETRO WITH FLIGHT PATH 



MAIN RETRO START BY ALTITUDE 
MARKING RADAR WHICH EJECTS 
FROM NOZZLE, CRAFT STABILIZED 
BY VERNIER ENGINES AT 
52 Ml. ALTITUDE, 5,900 MPH 




MAIN RETRO BURNOUT AND EJECTION, 
VERNIER RETRO SYSTEM TAKEOVER AT 
37,000 FT, 400 MPH 



I 

I 

\ 


I 
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maintain the eorrect attitude until the retrordcket is 
ignited . 

With the spacecraft properly aligned, the altitude mark- 
ing radar will he activated, by ground command, at approximately 
200 miles above the Noon's surface. All subsequent terminal 
events will be automatically controlled by radars and the flight 
control programmer. The auxiliary battery will be connected 
to help the main battery supply the heavy loads required during 
descent . 

At approximately 60 miles' slant range from the Moon's 
surface, the marking radar starts the flight control program- 
mer clock which then counts down a previously stored delay 
time and then commands ignition of the solid propellant main 
retro and the three liquid fueled, throttleable vernier engines. 
The vernier engines maintain a constant spacecraft attitude dur- 
ing main retro firing in the same manner as during midcourse 
thrusting. 

The spacecraft will be traveling at approximately 6,000 
mlles-per-hour. The main retro will burn out in 40 seconds 
at about 25,000 feet above the surface after reducing the 
velocity to about 250 miles-per-hour. The casing of the main 
retro is separated from the spacecraft, on command from the 
programmer 12 seconds after burnout, by explosive bolts and 
falls free. 

After burnout the flight control programmer will control 
the thrust level of the vernier engines until the Radar Alti- 
meter and Doppler Velocity Sensor (RADVS) locks up on its return 
signals from the Moon's surface. 

Descent will then be controlled by the RADVS and the vernier 
engines. Signals from RADVS will be processed by the flight 
control electronics to throttle the three verhier engines re- 
ducing velocity as the altitude decreases. At 13 feet above the 
surface. Surveyor will have been slowed to three miles per hour. 
At this point the engines are shut off and the spacecraft free 
falls to the surface. 

Immediately after landing, flight control power is 
turned off to conserve battery power. 
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Post-landing Events 


Of prime interest to the engineers who designed Surveyor 
will be the engineering telemetry received during the descent 
and touchdown. Touchdown will be followed by periods of engin- 
eering telemetry to determine the condition of the spacecraft. 
Then a series of wide angle, 200-line television pictures will 
be taken. 

The solar panel and high gain planar array antenna will 
then be aligned with the Sun and Earth, respectively. If the 
high-gain antenna is successfully operated to lock on Earth, 
transmission of 600-line television pictures will begin. If 
it is necessary to operate through one of the low-gain, omni- 
directional antennas, additional 200-line pictures will be 
transmitted. 

The lifetime of Surveyor on the surface will be determined 
by a number of factors such as the power remaining in the 
batteries in the event that the Sun is not acquired by the solar 
panel and spacecraft reaction to the Intense heat of the ltinar 
day and the deep cold of the lunar night. 
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Heliura Regulator 


Eagle-Picher Company 
Joplin, Mo. 

Electric Storage Battery 
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Sarasota, Fla. 
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Pasadena, Calif. 

General Electro Dynamics 
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Hi -Shear Corp. 
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Lear Siegler 
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Metcora 
Salem, Mass, 

Motorola, Inc . 

Military Electronics Division 
Scottsdale, Ariz, 

National Water Lift Co. 
Kalamazoo, Mich. 

Northrop/Norair 
Hawthorne, Calif. 
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Sanborn 
Waltham, Mass. 
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Atlas 
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Thiokol Chemical Corp. 
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Goodyear Aerospace Division 
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Santa Ana, Calif. 

Slpplcan Corp. 
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